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Abstract
Background
Inappropriate use of antibiotics is a global public health challenge and has been associated
with antibiotic resistance. WHO reports show that efforts to promote rational antibiotic use in
developing countries are poor. With the growing number of infections with antibiotic resistant
bacteria, rational drug use becomes imperative and studies that promote rational drug use
are highly necessary. Considering this, we investigated prescribing patterns and predictors
of antibiotic prescription in primary health care facilities in Kumbo East (KE) and Kumbo
West (KW) health districts in North West Cameroon, to contribute data which could influence
policy on antibiotic use.
Methods and findings
A cross sectional retrospective study was conducted from April 2014 to April 2015 in 26 ran-
domly selected primary care facilities. Questionnaires were administered to 59 antibiotic
prescribers to determine factors that predict antibiotic prescribing. Data on antibiotic pre-
scription were collected by review of consultation registers. Prescription rates and demo-
graphics, prescriber and institution factors were analyzed using ANOVA. The best predictor
of prescription was determined using multiple linear regression analysis.
Results
A total of 30,096 prescriptions were reviewed. Overall antibiotic prescription rate was
36.71%, with a mean of 1.14 antibiotics prescribed per patient. Amoxicillin was the most pre-
scribed (29.9%). The most prevalent indications for prescribing were respiratory tract infec-
tions (21.27%). All antibiotics prescribed were broad-spectrum. Antibiotics were prescribed
for patients with malaria and also in situations where diagnosis was uncertain. Prescribing
by generic name was 98.36% while 99.87% was from Essential Drug List. Use of laboratory
results, patient turnout and Performance Based Financing (PBF) were significantly associ-
ated with antibiotic prescribing rates (p < 0.05). PBF moderated prescribing.
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Conclusion
There was misuse of antibiotics in primary care facilities in study area. We recommend all
primary care health facilities in study area to be included in the PBF scheme and that pre-
scribing should only be done by physicians as the have adequate training.
Introduction
Antimicrobial drugs have been widely used in human medicine for more than 50 years either
as prophylaxis or therapeutics, with tremendous benefits to human health. Unfortunately,
widespread use, misuse or inappropriate prescribing has resulted in the emergence of drug
resistant bacteria [1]. Antibiotic resistance is a global public health concern. Studies [2] have
reported a positive relationship between antibiotic utilization and the level of antibiotic resis-
tance. The number of infections due to antibiotic-resistant bacteria is growing and outpacing
the rate at which new classes of antibiotics are discovered and synthesized [3]. Antimicrobial
resistance is also a barrier to public health efforts in the control of infectious diseases through
specific disease control programmes that rely on the use of antimicrobials as a strategy for con-
trol and prevention. Prudent use of antimicrobials helps to prevent the relentless increase in
resistance.
Infections with drug-resistant bacteria have increased not only morbidity and mortality but
also duration of hospitalization and cost of treatment. When infections become resistant to
first-line antibiotics, more expensive second-line therapies must be used, resulting in a longer
duration of illness and treatment in hospitals which often increases health care costs as well as
the economic burden on families and societies [4, 5] as the intensity of care needed by patients
with infections caused by drug resistant bacteria is different from that in patients with infec-
tions caused by drug sensitive bacteria. Because the human economic cost of playing catch up
on antibiotic resistance is too great a risk to bear, there is need for expansion of research and
surveillance beyond developed countries to adequately control antibiotic resistance [6].Cur-
rent estimates of economic burden due to antimicrobial resistance in the United Kingdom
range from less than 5 GB£ to more than 20,000 GB£ in reported additional costs per patient
for each episode of illness in hospital costs [7]. A study in Thailand [8] reported hospitalization
cost of US$ 528 in patients with community-onset extended spectrum beta lactamase-produc-
ing E. coli infections compared to US$ 108 in those with community onset non-extended spec-
trum beta lactamse-producing E. coli infections.
Field surveys carried out in resource poor countries have highlighted a significant degree of
inappropriate use of drugs in health facilities as well as in the community and this has gone a
long way to add to the ever increasing cost of health care delivery especially when drug resis-
tance ensues [9,10]. According to WHO reports, less than 40% and 30% of patients in public
and private facilities respectively are treated under WHO guidelines [11]. To ensure rational
drug prescription, prescribers must adhere to treatment guidelines and must also follow a stan-
dard process of prescribing [12]. Regrettably, prescribers often use broad spectrum antibiotics
to manage suspected cases of both gram positive and gram negative bacterial infections [13]
and in some instances, antibiotics are prescribed for conditions not requiring antibiotic treat-
ment [14]. Drug prescription patterns therefore have a great impact on the outcome of
patient’s conditions, and hence have to be evaluated periodically so that interventions can be
implemented if necessary, to ensure prudent drug use. To evaluate the situation of antibiotic
use and prescription patterns in the field, the WHO has developed prescribing indicators for
health care facilities [15].
Prescribing patterns and associated factors of antibiotic prescription
PLOS ONE | https://doi.org/10.1371/journal.pone.0193353 March 5, 2018 2 / 18
A variety of factors have been found to influence (predict) antibiotic prescription. These
include patient characteristics such as low-socioeconomic status, age of patient and co-morbid-
ity; physician factors such as educational qualification, experience of the physician, source of
updating knowledge; and practice setting [16–21]. Other important factors identified by doctors
that influenced antibiotic prescription are; diagnostic uncertainty, perceived demand and
expectation from the patients, practice sustainability, influence from medical representatives
and inadequate knowledge [22–24]. In a study carried out in Nigeria, drug availability, socio-
economic status of the patient and prescriber in-service training were identified as major factors
influencing prescription decisions [25]. It is necessary to understand physicians prescribing
behavior in order to develop interventions that will effectively improve the use of antibiotics.
About 80% of antibiotic use occurs in the community, with the bulk of it contributed by
either primary health care providers or self-medication [26]. Primary health care facilities are
dedicated to improving the health status of the community and act as the first line of contact
with the community, for acceptable, accessible and affordable care. Community based health
system strengthening programs that improve health seeking behavior and transform health
care services such as the performance-based financing program, are more evident at the pri-
mary health care level [27,28]. Consequently, the that majority of the population in communi-
ties in a developing country like Cameroon will revert to primary health care facilities for
immediate care considering the accessibility and affordability of the services provided. Also,
the limited number of secondary care facilities and high cost of health care (which is usually
paid out of pocket) automatically diverts the choice of facility to primary care, for majority of
the population who live on less than one dollar per day. Thus, the majority of antibiotic pre-
scribing takes place in the primary health care setting.
Primary care is a major contributor to antibiotic resistance. Studies have provided strong
evidence of an association between the prescribing of antibiotics in primary care and antimi-
crobial resistance [1,29,30]. To combat antibiotic resistance, interventions on inappropriate
antibiotic use must be implemented and interventions are more effective if they are multiface-
ted [1,12] and include improved communication between healthcare providers and patients
[31]. These initiatives target prescribing practices by clinicians or self-medication by patients
as self- medication is rife in Africa [32–34]. For these interventions to be successfully imple-
mented, data on antibiotic prescription and associated factors are necessary.
Antibiotic prescription and treatment in resource poor settings including Cameroon is
mostly empiric due to the high cost of laboratory investigations, lack of facilities for culture
and antibiotic sensitivity testing, and the long duration required for reporting results of labora-
tory investigations. In addition, a dearth of knowledge on antibiotics prescription and factors
influencing prescription exists in Cameroon. Mbam et al. [14] attributed inappropriate pre-
scribing of antibiotic in Buea Regional hospital, a secondary care facility, to lack of clearly
defined working diagnosis and identified polypharmacy as a problem in this facility. With the
growing reports on antibiotic resistance in Cameroon [35–37] there is need to investigate drug
use patterns. Consequently, our study investigated prescribing patterns and associated factors
of antibiotic prescribing in primary health care facilities in Kumbo East (KE) and Kumbo
West (KW) health districts in the North West region of Cameroon. As a result, contribute data
which can influence future policiesto improve antibiotic use in Cameroon.
Materials and methods
Study setting and design
This study was carried out in Kumbo East and Kumbo West health districts in Bui Division,
North West region of Cameroon. Kumbo East and Kumbo West are two of the 19 health
Prescribing patterns and associated factors of antibiotic prescription
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districts in North West region. They cover a surface area of 2124 km2 and are largely rural.
Kumbo West (KW) is bounded to the west by Oku health district and to the east and south by
the Kumbo East (KE) health district (Fig 1). K E is bounded to the north by Ndu Health dis-
trict, to the east by the Malantouen health district in the West region, and to the south by
Ndop and Bangourain health districts (Fig 1). These two health districts harbor most of the
primary health care facilities in the North West region of Cameroon because in addition to
public facilities, they have several confessional primary care facilities established by the Baptist
and Catholic Missions. Because of this, there are more consultations at primary care facilities
in these health districts. Consequently, chosen for this project, according to 2012 estimates, KE
has a population of about 171,126 [38] with 30 primary health care units (16 public, 7 confes-
sional, 4 community and 3 private), while KW has 19 primary health care units (10 public, 6
confessional, 2 community and 1 private) and a population of 96,829. Each primary health
care unit provides a minimum package of health activities to the population under care,
including consultation and essential drug prescription.
Data on antibiotic prescription in health facilities studied was collected by review of consul-
tation registers.
Questionnaires
Questionnaires that had been piloted and validated were administered to health care personnel
who prescribed antibiotics from April 2014 to April 2015 to determine the factors that influ-
ence antibiotic prescribing. The questionnaire had three sections: demographic information of
the prescriber, prescriber related factors that influence prescribing and institutional factors
that might influence prescribing (S1 Text).
Fig 1. Map of study area.
https://doi.org/10.1371/journal.pone.0193353.g001
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Review of consultation register
Demographic data (age, sex) of patient, use of laboratory guidance (laboratory request and use
of laboratory results to guide prescription), disease diagnosed and the type and number of
antibiotics prescribed for the diagnoses were collected for each patient who consulted. The
total number of prescriptions by each prescriber from April 2014 to April 2015 was counted
and the percentage with antibiotics calculated. The total number of antibiotic prescriptions in
this study was obtained by summing the number of prescriptions for each prescriber. The per-
formance of health care providers in relation to antibiotic use was measured using WHO indi-
cators of prescribing [15]. The average number of antibiotics prescribed per patient
prescription was determined, the prescription rate per 100 prescriptions calculated and the
percent of encounters with two or more antibiotics analyzed. Other drug prescribing indica-
tors such as; % of antibiotics prescribed by generic name, % encounters with an antibiotic pre-
scribed, % of antibiotics prescribed from essential drug list (EDL) and % of facilities with a
copy of EDL, were also investigated. Four trained research assistants assisted in data collection.
Sampling technique
A cross sectional and retrospective study was conducted between April 2014 and April 2015.
Questionnaires were administered to 59 antibiotic prescribers from 26 randomly selected pri-
mary health care facilities to determine factors that could predict antibiotic prescribing. A
multi-stage, stratified sampling (between KE and KW health districts) was done, with further
stratification of primary health care facilities in each health district into low, medium or high
population primary health facilities based on their population under care/health area popula-
tion. Clustered random sampling was used to select participating facilities from each of the
final stratum.
For stratified sampling at the district level, all primary health care facilities were primarily
stratified into KE and KW health facilities. Within each district, these facilities were further
stratified into three groups according to the size of the population under care into; low (<5000
inhabitants), moderate (between 5000 to 10000 inhabitants) and high (> 10000 inhabitants).
After stratification, a randomized clustered sampling was done to select the participating
health care facilities from each stratum. At the practice level, a census of prescribers within
each participating facility was done and all prescribers targeted.
Ethical considerations
Ethical clearance for this study was obtained from the Institutional Review Board of the Fac-
ulty of Health Sciences, University of Buea. Administrative clearance was obtained from the
District Medical Officers of Kumbo East and Kumbo West and also from the management of
health care facilities. All participants were informed about the objectives of the study and their
enrollment in the study was voluntary. Prescribers were also informed on free withdrawal at
any time. Confidentiality of the results was maintained by using codes in place of prescriber
names in the questionnaires. Study participants signed an informed consent form to indicate
their willingness to participate in the study.
Data analysis
The statistical package EPI Info 7 was used to design the questionnaire template and to enter
data in this study. SPSS version 20.0 statistical software was used in data cleaning, management
and analysis. A descriptive analysis on the cases was done. The relationship between antibiotic
prescribing rates (the dependent variable) and the independent variables (demographic
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factors/prescriber/institution related factors) was analyzed using analysis of variance and cor-
relation analysis. Multiple linear regression analysis was used to determine the best associated
factor of prescription from several independent variables.
Results
Characteristics of prescribers and patients prescribed antibiotics
Of the 59 prescribers who received the questionnaire, 56 completed it giving a response rate of
95%. Prescribers who participated in the study comprised 47 (83.9%) females and 9(16.1%)
males. The majority (41.1%) of the prescribers were aged 30–39 years, while 25% and 17.9% of
the population were 40–49 years and 20–29 years respectively (mean age: 38.04 ± 9.28.3SD,
range: 24–60 years). Nurse assistants (42.8%) comprised the majority of prescribers, followed
by State Registered Nurses (25%) and General Practitioners (8.9%), while Medical Assistant
(1.8%) and Nurses with Higher National Diploma (HND) (1.8%) were the least prescribers
(Table 1). There was no significant difference among prescribers with respect to gender
(F = 0.084, P = 0.773), age (R = 0.0010, P = 0.943) and profession (F = -0.907, P = 0.369). Most
of the prescribers were from public facilities (69.6%) followed by those from confessional facil-
ities (26.8%).
For the patients whose records were reviewed, 38.34% were male and 61.7% females and
age ranging from 8 months to 90+ years. Among these, 35.2% of males and 37.6% of females
received antibiotics (Table 2). The age group most subjected to antibiotics were those
<10years (44%). This was followed by those 21–30 years (40%). There was a significant
Table 1. Characteristics of prescribers.
Characteristic Categories n (%) P value
Gender Male 9 (16.1)
F = 0.084. P = 0.773Female 47 (83.9)
Total 56
Age (years) < 20 0 (0)
R = 0.010, P = 0.94320–29 10 (17.9)
30–39 23 (41)
40–49 14 (25)
> 50 9 (16.1)
Total 56
Professional level (Qualification) Medical Assistant 1 (1.8)
F = -0.907, P = 0.369Nurse Assistant 27 (42.8)
Brevete Nurse 4 (7.14)
Higher National Diploma (HND) in Nursing 1 (1.8)
State Registered Nurse 14 (25)
Bachelor of Science in Nursing 2 (3.6)
General Practitioner 5 (8.9)
Midwives 2 (3.6)
Total 56
Type of Facility Public 39 (69.6)
F = 0.99, P = 0.921Private 1 (1.8)
Confessional 15 (26.8)
Community 1 (1.8)
Total 56
https://doi.org/10.1371/journal.pone.0193353.t001
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difference in antibiotic exposure with respect to sex (F = 8.94, P = 0.000) and age (F = 3.40,
P = 0.005).
Antibiotic prescription rate
A total of 30,096 prescriptions were reviewed from consultation registers in the 26 primary
health care facilities selected for this study. 11,035 of them had at least one antibiotic prescrip-
tion (Fig 2) giving an overall percentage prescription with antibiotics of 36.7%. Because some
prescriptions had more than one antibiotic prescribed, a total of 12,350 antibiotics were pre-
scribed during the study period (Fig 2). The majority of prescriptions (87.42%) had one antibi-
otic. This was followed by those with two antibiotics (11.54%). There were two prescriptions
with up to 4 antibiotics (Fig 3).
Antibiotic prescription rates in various primary health care facilities are shown in Fig 4.
There was no significant difference in the antibiotic prescription rate between KE and KW
(H = 2.7003, P-0.100). The antibiotic prescription rate for prescribers ranged from 10.7–
58.7%. In terms of facility, modal prescription class with high antibiotic prescription rates was
41–47%. Within the participating facilities, 18 prescribers constituted the class 42–51%, with
high antibiotic prescription rates.
Table 2. Characteristics of patients prescribed antibiotics.
Characteristic Categories Number participated (%) Number that received antibiotic prescription Percentage that received antibiotics P value
Gender Male 11530 (38.3) 4061 35.2 F = 8.94, P = 0.000
Female 18566 (61.7) 6974 37.6
Total 30096 (100) 11035
Age (years)  10 10534 (35) 4597 44
F = 3.40, P = 0.00511–20 4665 (15.5) 1492 32
21–30 5055 (16.8) 1997 40
31–40 3250 (10.8). 1157 36
41–50 2469 (8.2) 791 32
51–60 2037 (6.8) 512 25
61–70 1171 (3.9) 334 29
71–80 513 (1.7) 108 21
81–90 332 (1.1) 33 10
> 90 71 (0.2) 14 20
Total 30096 (100) 11035 36.71
https://doi.org/10.1371/journal.pone.0193353.t002
Fig 2. Number of prescriptions reviewed and antibiotic prescription rate.
https://doi.org/10.1371/journal.pone.0193353.g002
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Antibiotic prescribing pattern
The overall percentage of prescriptions with antibiotics was 36.71 (Table 3). Antibiotic pre-
scription rate with regards to the type of health facility was as follows: low population health
facilities (38.56%), > high (36.86%)> medium (34.67%) (Table 3). The average number of
antibiotics prescribed per encounter in study area was 1.14.The percentage of antibiotics pre-
scribed by generic name in all facilities was 98.36%, while prescriptions with brand names
comprised 1.64% of all prescriptions. The overall percentage of drugs prescribed from EDL
was 92.9 and 96.3% of all primary health care facilities had a copy of EDL. There was no statis-
tically significant variation between low, medium and high level facilities with respect to: anti-
biotic rate, percentage of drugs prescribed by generic name and percentage of facilities with a
copy of EDL (P > 0.05) (Table 3). Significant differences (P<0.05).were however observed
between health facilities with regards to the number of antibiotics per prescription and % of
drugs prescribed from the EDL.
Antibiotics prescribed and indications for prescription
The 12350 antibiotics prescribed during the study period belonged to 10 different classes. The
majority (13/14, 92.9%) of these were broad spectrum (Table 4) and mostly the penicillins. The
most prescribed antibiotics were Amoxicillin (29.29%) appearing 11.31 times per 100 prescrip-
tions, Cotrimoxazole (19.08%) appearing 7.37 times per 100 prescriptions and Metronidazole
(15.59%) 6.02 times per 100 prescriptions (Table 4).
A total of 21 different types of diagnosis subject to antibiotic prescription were observed.
Respiratory tract infections (21.27%) was the most prevalent indication, followed by uncom-
plicated malaria (11.42%) and gastrointestinal tract infections (11.30%), while dysentery
(0.27%) was the least (Fig 5). We also noted prescribing of antibiotics (5.76%) in situations
where there was no indication for diagnosis. Such were recorded as “No diagnosis” (Fig 5).
Clinical and socio-demographic predictors of antibiotic prescribing
A multiple linear regression analysis was used to determine if the following factors- profes-
sional level, type of facility, longevity in service, use of treatment guidelines, knowledge update,
use of laboratory results prior to prescribing, patient turnout, observed treatment success and
performance based financing–were associated with antibiotic prescribing. Among these, use of
laboratory results prior to prescription (F = 4.320, P = 0.000), patient turnout (F = -3.317,
Fig 3. Number of antibiotics per prescription.
https://doi.org/10.1371/journal.pone.0193353.g003
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P = 0.002) and performance based financing health service program (F = 2.887, P = 0.006)
were significant (p< 0.05) (Table 5).
Kruskall-Wallis H statistic and Spearman’s correlation (R) were used to compare the antibi-
otic prescription patterns (rate of prescription of one, two and three antibiotics per patient
encounter) with associated variables. Statistically significant variations (P<0.05) were observed
with use of laboratory guides and patient turnout. Type of facility and longevity in service also
significantly influenced the prescription of 2 and 1 antibiotics respectively (Table 5).
Performance Based Financing health service programme, grouped health care facilities into
the following categories: T1 (Test centers 1), C1 (Control centers 1), C2 (Control centers 2)
and C3 (Control centers 3).There was a significant variation (F = 2.887, P = 0.006) in observed
antibiotic prescription rates between the facilities, with a systematic increase in prescription
rates from T1, through C1, C2 and C3 facilities (Fig 6). Performance Based Financing was fur-
ther identified as a moderating variable, influencing the outcome of other factors that could
Fig 4. Antibiotic prescription rate in health care facilities in Kumbo East and Kumbo West health districts between
April 2014 and April 2015.
https://doi.org/10.1371/journal.pone.0193353.g004
Table 3. Antibiotic use indicators of primary health care facilities.
Antibiotic use indicator Overall
%
Primary health facility level F value P value
Low Medium High
Antibiotic prescription rate 36.71% 38.56% 34.67% 36.86% 0.044 0.957
Av. No of antibiotics per prescription 1.14 1.10 1.10 1.22 11.179 0.000
% of drugs prescribed by generic name 98.36 98,65 100 96.42 3.157 0.051
% of drugs prescribed from EDL 99.87 100 99.97 99.64 4.047 0.023
% of PHCF with a copy of EDL 96.3 88.9 100 100 1.5290 0.226
EDL: Essential Drug List; PHCF: Primary Health Care Facilities, Av: Average
https://doi.org/10.1371/journal.pone.0193353.t003
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possibly be associated with antibiotic prescription. However, when this factor was eliminated
from the model generated during analysis, use of laboratory guidance and patient turnout still
presented statistically significant relationships with antibiotic prescription rates.
Discussion
Number of prescriptions reviewed
WHO recommends at least 30 prescriptions to be reviewed per prescriber in a typical drug use
investigation study [15]. However, this study reviewed 30,096 prescriptions from 56 prescribers
Table 4. Antibiotic category and prescription rates per 100 prescriptions.
Class Antibiotic Spectrum No. of times Prescribed Antibiotic prescription rate/100 prescriptions Percentage prescription
Penicillin Amoxicillin Broad 3617 11.31 29.29
Cloxacillin Broad 1287 4.03 10.42
Ampicillin Broad 319 1.00 2.58
Benzyl Pen Broad 228 0.71 1.85
Penicillin V Broad 207 0.65 1.68
Antifolates Cotrimoxazole Broad 2356 7.37 19.08
Nitroimidazole Metronidazole Broad 1925 6.02 15.59
Quinolone Ciprofloxacin Broad 685 2.14 5.55
Aminoglycoside Gentamycin Broad 669 2.09 5.42
Cephalosporin Ceftriaxone Broad 387 1.21 3.13
Tetracycline Doxycycline Broad 368 1.15 2.98
Aminocycltol Spectinomycin Broad 13 0.04 0.11
Macrolide Erythromycin Broad 169 0.53 1.37
Chloramphenicol Chloramphenicol Broad 120 0.38 0.97
https://doi.org/10.1371/journal.pone.0193353.t004
Fig 5. Common indications for antibiotic prescription.
https://doi.org/10.1371/journal.pone.0193353.g005
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Table 5. Clinical and socio-demographic predictors of antibiotic prescription.
Predictor Number Antibiotic prescription rate
Antibiotic combination utilization (prescription pattern)
One Two More than two
Professional level
Med Ass 1 25.3 279 28 10
Nurse Ass 27 39.06 171.41 18.89 1.63
Brevete N 4 24.08 147.25 16.75 0
HND 1 43.3 74 3 0
Midwife 2 37.95 124.5 14 1
SRN 14 37.08 177.93 23.71 1.57
BSN 2 40.90 153 24 0.5
GP 5 29.24 195.6 50.2 6.4
F = -0.907, P = 0.369 H = 4.639, P = 0.704 H = 9.383, P = 0.226 H = 11.291, P = 0.126
Type of facility
Public 39 37.83 174.77 27.67 2.23
Confessional 15 33.85 133 9.67 0.60
Private 1 25.48 279 28 10
Community 1 43.78 504 15 6
F = 0.99, P = 0.921 H = 3.063, P = 0.382 H = 12.095, P = 0.007 H = 10.378, P = 0.160
Longevity
<5 21 34.87 126.57 18.29 2.19
5–9 11 41.1 154.91 26.36 1.64
10–14 8 30.95 172.00 14.11 1.56
15–19 6 39.28 202.8 37 3.6
20 10 36.06 267 28.1 1.5
F = 03.90, P = 0.699 H = 10.436, P = 0.034 H = 1.367, P = 0.850 H = 2.123, P = 0.713
Use of Treatment guidelines
Yes 48 34.71 151.79 21.08 1.90
No 8 37.26 288.50 31.88 2.50
F = 1.343, P = 0.186 H = 2.922, P = 0.087 H = 1.486, P = 0.223 H = 2.831, P = 0.92
https://doi.org/10.1371/journal.pone.0193353.t005
Fig 6. Antibiotic prescription rates in different performance based financing classification of facilities.
https://doi.org/10.1371/journal.pone.0193353.g006
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(an average of 537.4 prescriptions per prescriber) within the periods of April 2014-April 2015.
This was to obtain a holistic and true representation of antibiotic prescribing behaviors of pri-
mary health care personnel in KE and KW health districts, and roll out the chances of some pre-
scribing patterns being missed out.
Patients prescribed antibiotics in primary health facilities in our study where from the ages
8 months to>90 years (Table 2). The highest antibiotic exposure was in patients 10 years
(44%) followed by those 21–30 years (40%) while patients 81–90 years (10%) had the least pre-
scriptions for antibiotics (Table 2). Dong et al. [39] reported the highest antibiotic exposure in
the pediatric population compared to other age groups in Western China. However, contrary
to our study in which more females (38%) than males (35%) received antibiotics, Carneiro
et al. [40] and Shankar et al., [41] reported a higher exposure in males than females in Brazil
and Western Nepal respectively. We observed a significant difference in antibiotic exposure
with respect to age (F = 3.40, P = 0.005) and gender (F = 8.94, P = 0.000) among patients who
were prescribed antibiotics.
Overall antibiotic prescription rate
An overall antibiotic prescribing rate of 36.71% was observed in primary health care facilities
within the study (Table 3). This shows a high consumption of antibiotics in the study area.
Our antibiotic prescription rate was similar to the 34% observed in Malawi [9]. However, our
prescribing rate was low compared to the findings in Sudan 54.3%% [42], Western China
48.43% [39], Bahrain 45.8 [43], Uzbekistan 57% [44], Nigeria 56% [25], 45.9% in the African
region [45], eastern Ethiopia 82.5% [46] and in primary health care centers in the WHO Afri-
can region 46.8% [47]. Our percentage of patients prescribed antibiotics was higher than
29.5% reported in Western Nepal [41] and 26.2% in Bahrain [48]. These studies investigated
antibiotic prescribing patterns within a shorter duration of time (10 days and 3 months respec-
tively) compared to our study duration of one year. Antibiotic prescribing rate in our study
exceeded the WHO standard of 20–25.4% [49] but our average number of antibiotics per
encounter (1.14) was within the WHO limit of 1.6–1.8 [49], showing that antibiotic combina-
tion during prescription was not common in study area.
Antibiotic category pattern
Fourteen different types of antibiotics all with broad-spectrum of activity were prescribed in
study area. Prescription of broad spectrum antibiotics is a common phenomenon reported in
similar studies [39–41,50]. With the use of broad spectrum antibiotics, there is no need for
pathogen isolation and identification. Primary care facilities studied lack culture facilities,
hence culture and antibiotic sensitivity testing is never performed. Antibiotic prescription is
thus empiric, hence the tendency of prescribing only broad spectrum agents in our study area.
Amoxicillin (29.29%) was the most frequently prescribed, followed by cotrimoxazole (19.08%)
and metronidazole (15.59%). The majority of our study participants who were prescribed anti-
biotics were less than 10 years old. Children account for majority of respiratory tract infections
which are treated mostly with amoxicillin [51]. The prevalence of HIV in Cameroon [52] with
associated opportunistic infections that require antibiotics for treatment such as cotrimoxazole
and metronidazole could possibly account for these high prescription rates in this study. In a
similar study in Botswana, amoxicillin and metronidazole were the most frequently prescribed
antibiotics. HIV, gynecological and sexually transmitted infections were identified as possible
reasons for their use [53]. Similar antibiotics have been prescribed in other primary care set-
tings [39–41,46,54]; however, these studies reported more antibiotics prescribed than observed
in our study. In a similar study in Buea, Cameroon [14], the cephalosporines were most
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frequently used antibiotic. This study was conducted in a secondary care facility where pre-
scribers are mainly medical doctors and handle complicated and referral cases from primary
care facilities. Our study focused on primary care facilities whose drug options are limited to
the EDL and manage primary complications in the communities. All drugs prescribed (100%)
were in the WHO list of essential medications [55]. Thirteen of the fourteen antibiotics
(92.8%) were in EDL of MoH [56]. Spectinomycin was the only drug prescribed that was not
in MoH list though it is present in the WHO list. However, it was the least prescribed antibiotic
in our study (0.04%). 96.8% of health care facilities had a copy of the EDL. In a similar study in
eastern Ethiopia [46], only 75% (6/8) of the health facilities had a copy of the essential drug list.
Our percentage antibiotic prescription from the EDL was higher than 67.1% reported in Nepal
[41], 88% recently reported in the WHO African region [47] and 89% in Africa [45]. The
Nepal study was conducted in a tertiary care facility where the use of essential drug list is usu-
ally more limited as the necessity to use drugs not covered in the essential drug list may arise.
Our findings show a high utilization of the EDL in primary care settings in our study area.
Increase in antibiotic prescribing by generic name constitutes one of the primordial indica-
tors of prescribing of low cost antibiotics in the WHO indicator guide. In our study, 98.36%
prescriptions were for generic drugs (Table 3). This was lower than the 100% recommended
by WHO for prescription by generic name [49] but higher than reported in Buea, Cameroon
[14], Bahrain [43], and the Africa region [45,47] where much prescribing was by brand names.
Our results are similar to 97% reported in eastern Ethiopia [46] and 99.8% reported in health
centers in Cambodia [57]. Generic versus brand name antibiotics have shown no differences
in efficacy [58]. This is because generic prescribing reduces the chances of drug duplication as
patients without knowledge, purchase and use the same drug from different prescribers when
one prescriber uses brand name and another generic name or when both use different brand
names. However, there exist discrepancies in knowledge and opinion over the use of generic
or brand name medicines during prescribing [59]. Treatment with generic antibiotics has
been shown to cause worse safe and effectiveness outcomes [60]. Thus generic prescribing as
observed in our study site shows a high availability of standard medicines as generics and
should be promoted.
Respiratory tract infections (21.27%) were the main diagnosis for which antibiotics were
prescribed (Fig 5). Similar studies elsewhere [26,39,40,51,61,62] have reported RTIs as the
most common indications for antibiotic prescription. Prognostic uncertainty and diagnostic
complexity [63] of RTIs have been reported to influence antibiotic prescription decisions on
RTIs. Most RTIs are of viral origin, self-limiting and do not require antibiotics for treatment
[1]. However, they account for majority of antibiotics prescribed in primary health care facili-
ties facilitating the development of antibiotic resistance [64]. We also observed antibiotics pre-
scribed for uncomplicated malaria (11.42%), severe malaria (6.30%) and in situations with
unknown indication-‘No diagnosis’ (5.76%). Following the present guidelines for the manage-
ment of uncomplicated and severe malaria stipulated by the MoH Cameroon, no antibiotic
should be administered as treatment for either condition [65]. Also, conditions with no defi-
nite diagnosis that were subject to antibiotic prescription demonstrate clear proof of antibiotic
misuse which can potentially lead to increased antibiotic resistance [1] thus increasing the
necessity to use more expensive antibiotics to treat life threatening infections caused by resis-
tant bacteria in the future. Similar to a study in Uganda [66] in which majority of prescribers
were lower cadre professionals (nursing aide, nursing assistant and enrolled nurses), the
majority of prescribers in our study (42.8%) were Nurse Assistants whose level of training is
inadequate for them to prescribe [67]. These Nurse Assistants may have been responsible for
the wrong prescriptions observed. As antibiotic prescription may vary with season as a result
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of seasonal variation in infectious disease prevalence, our study reviewed prescriptions for one
year period which covered all the seasons.
Associated factors of antibiotic prescription
Drug availability in health facilities, socio-economic status of patients in public health facilities,
in-service education of prescribers in private health facilities were identified as factors that
influence drug prescription in Warri Nigeria [25]. In Malaysia, type of infection (P < 0.001),
age of patients (P = 0.000) and source of payment of prescribers (P = 0.000) were identified as
possible associated factors of antibiotic prescribing [26]. Among the possible associated factors
of antibiotic prescription investigated in present study, we observed a significant relationship
with use of laboratory results to guide prescription (P = 0.000), Performance Based Financing
(P = 0.006) and patient turnout (P = 0.002) (Table 5). Among these, patient turn out has been
reported by previous studies [16,17,68]. Other factors reported by these studies included pre-
scriber’s qualification, experience, source and method of updating knowledge. These were not
investigated in our study. In their study on antibiotic prescribing on febrile patients in Zambia,
Ndhlovu et al. [62] reported testing positive for malaria or receiving a malaria diagnosis to be
associated with reduced antibiotic prescribing while testing negative, not being tested or diag-
nosis with upper respiratory tract to have higher rates of antibiotic prescribing. After a detailed
investigation of individual associated factor strengths of factors studied, Performance Based
Financing (PBF) was identified as a moderating/interacting variable for other predictors with
a significant consecutive increase in prescription rates from T1, C1, C2 to C3 health facilities
(Fig 6). PBF is a health service finance programme that remunerates (financially) health care
facilities according to the quality and quantity of care they deliver to the population. Health
care facilities subject to this programme were categorized into four different groups; T1 facili-
ties, whose services are constantly evaluated using a quality assessment checklist and they are
paid according to their productivity; C1 facilities, whose services are also constantly evaluated
using quality assessment checklist but they are paid according to the productivity of T1 facili-
ties, C2 facilities who only benefit from quality assessment checks but no financial reward and
C3 who neither benefit from quality assessment checks nor financial rewards. C3’s carryout
their routine activities as always without any influence from the PBF programme. Therefore,
lack of an antibiotic prescription regulatory agency such as PBF explains why C3 facilities pre-
sented with highest antibiotic prescription rate compared to C2, C1 and T1 health facilities
that are subject to quality assessment from PBF.
Limitations of study
This was a clinic based study which did not consider self-medication, hence an underestima-
tion of antibiotic use in study site. We did not collect data on patient recovery hence treatment
outcome could not be determined. We did not pay attention to co-prescribed drugs but took
note only of the number co-prescribed with antibiotics.
Conclusion
Our study shows a high adherence to the essential drug list, high prescription by generic name,
low prescribing of antibiotics compared to primary care facilities in other African countries.
Despite this there is misuse of antibiotics in primary health care facilities especially in the man-
agement of indications such as uncomplicated and severe malaria that do not require antibi-
otic interventions in their standard management guides and also in situations with unknown
indication. Amoxicillin and Metronidazole were the commonly used antibiotics in primary
health care facilities and variations in antibiotic prescribing rates and patterns were associated
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with use of laboratory guidance prior to prescription, patient turnout and Performance Based
Financing facility classification. PBF was seen to moderate antibiotic prescribing and should
be extended to include all health facilities in study area and in other parts of the country. Peri-
odic reviews of antibiotic susceptibility patterns of commonly used antibiotic should be done,
alongside organization of refresher courses on proper disease diagnosis and treatment espe-
cially with antibiotics.
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